Human capital endowment is one of the main factors influencing the level of development of a region. This paper analyses whether remoteness from economic activity has a negative effect on human capital accumulation and, consequently, on economic development. Making use of microdata this research proves that remoteness from economic activity has contributed to explain the divergences in the level of education observed across Spanish provinces over the last 50 years. The effect is significant even when controlling for the improvement of education supply.
Introduction
Differences in development and income inequality across regions are one of the most intensely studied issues in the economics literature. Despite the efforts spent on promoting development and reducing inequality through an active and continuous regional policy, these inequalities persist over time. In the case of the Spanish regions, the process of convergence of income per capita that started in the 1950s has been strongly attenuated since the early eighties 1980s (De la Fuente, 2008) . In 2007 the richest region, Madrid, had an income per capita 60% higher than Extremadura, the poorest (Cuadrado-Roura, 2010).
The growth literature has emphasised the importance of human capital accumulation for growth (Barro and Sala-i-Martin, 2004) . Barro (1991) and Mankiw et al. (1992) showed that the educational level across countries is a significant variable in explaining differences in growth rates across countries. At the regional level, De la Fuente (2008) argues that education policy has been an important factor in reducing regional differences in income per capita in Spain, especially during the period . He finds that after TFP, human capital is the most important factor contributing to the convergence of productivity, explaining from 20% to 30% of convergence during the period. The spatial differences in human capital endowment translate into spatial productivity differentials. De la Fuente and Domenech (2006) estimate an average contribution of human capital to regional productivity differentials for the period 1960-2000 of 39.8%. Pablo-Romero and Gómez-Calero (2008) find that differences in human capital endowments were able to explain 29.3% of provincial (NUTS 3) differences in productivity for the period 1990-1999. Given the importance of human capital endowments for growth and the differences across regions, it is worthwhile to analyse the determinants of educational incentives from a spatial perspective. The objective of this paper is to investigate how the individuals' birthplace may affect their educational attainment. Specifically, we aim to test the impact that access to economic activity may have on the educational attainment of individuals born in different Spanish provinces.
Essentially, the individual's decision to invest in education depends on the expected wage premium and the cost of education. Moreover, the cost of education will be affected by each individual's ability so as that the higher the ability the lower the cost.
Hence, for a given cost of education and ability level, incentives to schooling will depend on the wage premium. There is extensive literature that relates the spatial variation of economic activity to a measure of market potential since the work of Harris (1954) . More recently, the New Economic Geography (NEG) has provided a theoretical basis for this relationship. In this context, the development of the NEG model by Fujita, Krugman and Venables (1999) predicts that nominal factor prices vary across locations depending on their market access. In particular, they predict higher nominal wages paid by those firms close to large markets, the so-called "wage equation". The underlying hypothesis is that firms located in remoter markets will incur in higher trade costs on the sales to markets as well as on the purchases of intermediate inputs. As a consequence, the value-added attributable to the production factors will be higher. Several papers have provided evidence of the impact of market access on nominal wages, namely Redding and Venables (2004) for 101 countries; Hanson (2005) for North American counties; Mion (2004) for Italian provinces; Brakman, Garretsen and Scramm (2004) 4 for German districts; and both Head and Mayer (2006) and Breinlich (2006) for European Union regions.
But market access can have an additional impact on factor accumulation. The theoretical and empirical research that looks at the relationship between human capital accumulation and access to markets is mostly based on the work by Redding and Schott (2003) . These authors extend the standard two-sector Fujita et al. (1999) economic geography model by allowing for unskilled individuals to endogenously choose whether to invest in education. They show that countries located on the economic periphery that face higher trade costs have a lower skill premium and, consequently, the incentive for education falls. By reducing human capital accumulation, remoteness lowers gross domestic product. Based on their theoretical work, Redding and Schott (2003) provide evidence that countries with lower market access have lower levels of educational attainment. Using trade flow data, they construct a theoretically consistent measure of market access, following the methodology of Redding and Venables (2004) , in order to approximate countries' remoteness from world economic activity. They regress educational attainment -defined as the proportion of the population which has completed secondary and tertiary education-on market access for a cross-section of 105 developed and developing countries. The results of their regression show that the estimated coefficient on market access is positive and statistically significant.
Following Redding and Schott (2003) , several papers have analysed whether a similar relationship between educational attainment and market access can also be found across regions. Breinlich (2006) adapts the approach developed by Redding and Venables (2004) to the regional level to test whether the market access variable is as significant on a regional level as it is in the international context to explain the spatial structure of income. Specifically, he applies the NEG framework to examine the role that proximity to markets plays in explaining regional per capita income levels in the EU and finds a positive and significant effect of market access on Gross Value Added per capita. More interestingly for our purposes, he disentangles the different channels through which market access affects income levels, finding that physical and human capital accumulation plays a more important role than direct trade costs in explaining income differences.
López-Rodriguez, Faíña and López-Rodriguez (2007) , once again within the NEG framework, analyse the impact of distance from markets on the level of human capital accumulation. These authors use aggregate data on educational attainment from the EU Labour Force Survey for a sample of 203 EU-15 regions defined at NUTS 2 level. The authors use the percentage of population aged 25-64 with low, medium or high levels of education as the dependent variables. Market access is computed as a distance weighted sum of regional GDPs for all EU-27 NUTS 2 regions. By regressing education attainment levels on market access, the authors conclude that there is a positive correlation between medium and high levels of regional educational attainment and access to economic mass. These results are confirmed when using years of schooling as the dependent variable instead of educational attainment.
Adopting the same methodological approach as the previous papers, Karahasan and López-Bazo (2013) test the impact of market access on regional variability in human capital across Spanish provinces. They posit that the market access variable is capturing the effects of variables that can affect the spatial distribution of human capital unless 6 they are included in the estimation. In particular, they hypothesize that the noninclusion of regional differences in industrial structure as well as the non-control for spatial dependence can bias estimates of the market access variable. The reason is that in the Redding and Schott (2003) model, individuals' education decision is affected by more variables than just market access, and these variables can be proxied by the regional industrial mix and the control of spatial dependence. Karahasan and López-Bazo (2013) However, the Redding and Schott theoretical model assumes the immobility of human capital. Given that labour mobility is significantly lower between countries than within countries, this model is applicable to cross-country data, but it is more dubious with cross-regional data in the same country. In this sense, we should consider the possibility that the spatial distribution of human capital within a country might be the result of educated workers migrating to regions where their educational investment can obtain higher returns. Crozet (2004) periods. Unlike the two first periods, when manufacturing activity potential was the driving force, in the third period migration was attracted by the market potential of service activities while manufacturing showed a negative effect on migration.
Additionally, the estimates of the parameters controlling for the effect of trade costs and labour mobility costs witnessed a continuous decline through the three periods. It should be taken into account that the authors do not control for the education level of migrants.
The objective of our paper is to empirically test the impact that an individual's place of birth has on individual education decisions in a country located at the periphery of Europe which in recent decades has witnessed a process of international integration. In particular, our hypothesis is that as integration both at national and European level has been increasing, the local conditions in terms of market potential in the education decision have become less relevant due to a drop in mobility costs. We use micro-data to look at the relationship between human capital and access to market at regional level.
The use of micro-data makes it possible to account for two factors that have a significant impact on the educational decisions: the individual's year of birth and province of birth. With respect to year of birth, the underlying hypothesis is that the conditions affecting the decision on education have changed over time. In particular, access to education has been significantly improved in the last decades. On the other 8 hand, locating the individual at this province of birth and not at their province of residence, as is the case with aggregate data, makes it possible to compute the actual values for those variables that affect the decision on education. Specifically, when working with regions within a country and, hence, the assumption of labour immobility does not hold, the individual decision on the level of education will not only depend on the wage premium of their province of birth but also on the maximum wage premium attainable in some region in the country. However, given that migration has costs, labour mobility is not perfect and will depend on how tight the barriers to mobility are.
In summary, our data allows us to measure the variables that determine individual decisions on education at the moment they took place in the province of birth.
After controlling for individual characteristics, the results show that, although remoteness from economic centres hampers human capital accumulation, the effect decreases inversely with the individual's year of birth; specifically, the estimated coefficient diminishes from 1.04 at the beginning of the period to 0.22 at the end of the period. Moreover, taking advantage of the peripheral location of Spain within Europe, this paper provides evidence that remoteness with respect to the European economic mass has a greater impact on educational attainment than remoteness with respect to the Spanish economic mass.
The paper is organised in six sections. The following section develops the empirical modelling framework. The third section describes the data used. The fourth section establishes some facts on the spatial distribution of human capital in Spain relevant to the objective of the paper. The estimated model and the results are presented in the fifth section. Finally, the main conclusions of the paper are outlined in the last section. 9
Modelling framework
We have modelled individuals' education decision as follows. The individual born in province "h" facing the education decision chooses higher education if the wage premium is higher than a given threshold. The individual makes the decision by comparing the wage premium in all potential destination provinces (j=1,....,J) and discounts the costs of moving from "h" to "j". The individual's decision will be made according to the following equation:
where the maximum is evaluated for all " "
In this equation " j wp " is the wage premium in province "j", " h f " is the cost of education in h plus the individual's discount rate. As the individual might have to migrate once they have completed education in province h to earn this wage premium, "
hj  " , with a value of between zero and one, is introduced to capture the importance of barriers to mobility. If the individual is born in "h" and remains in "h", we assume that 0
On the other hand, if we assume that the individual is making their decision for a given spatial distribution of activity, we can assume a relationship between wage premium and market potential:
By substituting (2) into (1) we get:
If we assume no barriers to mobility (3) becomes
With no barriers to mobility the place of birth does not influence the decision to become educated. Regardless of the province of birth, the incentives to reach higher education are the same for all individuals. Conversely, if 0 1 hj    , the incentives to become educated will depend on the place of birth as equation (3) shows.
In terms of a discrete choice model, the equation can be formulated as follows:
where " ih Y " takes value one if the individual "i" who was born in the economic space "h" reaches higher education, and zero otherwise. On the other hand, the remaining explanatory variables of the equation are captured by " X ".
If there are no barriers to mobility ( 0 hj   ), the equation takes the following form:
The maximum of the expression within brackets is the same for all individuals, so its effects are captured by the constant term of the equation and the explanatory variable
In order to estimate (5), the problem is that the maximum value of the expression within brackets is not observable because the barriers to mobility (economic barriers, cultural barriers, language barriers, etc.) are not observable. To estimate the equation, we introduced the null hypothesis of full barriers to mobility. This implies 
So the decision to become educated is modelled under the hypothesis of no labour mobility: As a consequence, the equation to be estimated takes the following form:
In this context, the value and significance of  is proxying the importance of the barriers to mobility for the labour force. Full mobility must have its counterpart in that the market potential of the place of birth is considered on the same footing as the other provinces' market potential. To take into account changes in the mobility costs, it is also possible to carry out separate estimations by birth cohorts. The temporal evolution of  proxies the evolution of the barriers to labour mobility. If the barriers to labour mobility decrease over time as a consequence of the integration process,  must show a downward trend as we estimate (9) for younger cohorts.
Data
The data used in this paper come from the Spanish Labour Force Survey (LFS). The LFS is a large sample survey among households that measures the labour status of individuals aged 15 and over and provides information on other characteristics of the population. The survey is conducted by the National Institute of Statistics on a quarterly basis following the methodology established by EUROSTAT for all member states. The sample size is about 180,000 people, rotating one-sixth of the sample each quarter. In this paper, we make use of the LFS micro-data on the level of education of the individual together with other personal characteristics, such as gender, age and province of birth. One of the advantages of this dataset is the possibility of locating individuals at a relatively detailed geographical level, NUTS 3, which corresponds to the 47 Spanish mainland provinces, the boundaries of which are defined on administrative grounds.
Given that the objective of this paper is related to the role of road transport accessibility, cohorts defined according to the 5-year age bands. We selected individuals aged 25 to 64 years old. For each cohort, a reference year was selected and all the explanatory variables referred to this year. Given that annual changes in these variables in a fiveyear interval proved to be small, subsuming the five-year cohort into a single year is not likely to imply significant loss of information. Table 1 shows the cohorts for each year in the study and Table 2 the number of observations in each cohort. 
Year of birth
Reference year 25-29 1970-74 1991 1975-79 1996 1980-84 2001 30-34 1965-69 1986 1970-74 1991 1975-79 1996 35-39 1960-64 1981 1965-69 1986 1970-74 1991 40-44 1955-59 1976 1960-64 1981 1965-69 1986 45-49 1950-54 1971 1955-59 1976 1960-64 1981 50-54 1945-49 1966 1950-54 1971 1955-59 1976 55-59 1940-44 1961 1945-49 1966 1950-54 1971 60-64 1935-39 1956 1940-44 1961 1945-49 1966 The dependent variable in the estimated equation is the number of years of education of each individual in the sample. The LFS provides information on the highest level of education attained by the individual up to 19 categories. This categorical variable has been transformed into a continuous one -years of education -by applying the corresponding number of years in the educational system to each category. The Spanish educational system has undergone several reforms over the last few decades. Related to this paper, the most important one is the reform introduced in 1970 that affected the duration of the school cycles. Following de la Fuente and Doménech (2012), we have attributed to each cohort of the population the duration of each cycle under the system in which they were educated. 3 Considering all the individuals between 25 and 64 years old, the average number of years rises from 4.4 for the oldest generation to 11.3 for the youngest. At the same time, the dispersion of this variable has clearly diminished.
In our case, the explanatory variable of interest is market access. Given the peripheral location of Spain in Europe, we define an accessibility measure that accounts for remoteness from the Spanish and European centres of economic activity. Thus, the measure of market access computes ease of access to both Spanish and European markets for each province. Additionally, we consider the possibility that remoteness from European economic activity has a different effect than remoteness from Spanish economic activity, so we split the total market potential into two measures. The first computes ease of access to Spanish markets while the second computes ease of access to European markets.
The human capital equation specified in this study requires the measure of access to both the Spanish and the European markets to be computed over a long time period, from 1956 to 2001. In order to construct a homogeneous variable, we have had to rely on a simpler measure. Ideally, we should use a theory-consistent measure of market access such as the one constructed by Redding and Schott (2003) based on a trade equation. The first simplification in this paper derives from the lack of data on trade flows at a regional level for Spain and the EU over the entire sample period to estimate a trade equation. Instead of using the theory-based measure, we therefore rely on the concept of market potential as defined by Harris (1954) . Secondly, because of the lack of data on regional GDP for the entire sample, economic mass in a given region is proxied by its population. As a result, access to Spanish markets for province i is computed as the sum of the population over all 47 mainland provinces (NUTS 3 regions) weighted by the inverse of the Euclidean distance between the capital cities of the origin and destination provinces. The measure includes the own area, and the internal distance of each province is approximated through the radius of a circle with an area equal to that of the province The equivalent measure for access to European markets is built up in a homogeneous way for the NUTS 2 regions of the nine nearest European countries accessible by road from Spain. The total number of regions is 93.
4
The market access formula is:
where h is the province of origin, j the Spanish destination province and k the European destination region.
Although market potential can be criticized for being an ad hoc measure, several academic papers support its use. Using the theory-based measure and the market potential variable as an alternative, Head and Mayer (2004) 
A descriptive analysis of the provincial differentials in human capital
The increase of the stock of human capital of the Spanish economy has been remarkable. According to de la Fuente and Domenech (2012) , the average years of schooling of the adult population -over the age of 25-in 1960 was 4.7 years. Fifty years later, the average years of schooling had increased to 9.4. Similarly, the share of the adult population holding a university degree increased from 2.9 in 1960 to 19.5 in 2010.
Nonetheless, according to the same authors, the average years of schooling of the OECD countries in 1960 was 8.1 years and 11.8 in 2010. Even though the gap has decreased both in relative and absolute terms, it is still high.
In this paper, we look at the interprovincial differentials in human capital over time. In order to provide insight into how these differences have evolved, Table 4 shows the main statistics for the number of years of education computed for individuals born in different cohorts. 6 According to the micro-data from the LFS, the absolute difference in schooling between the province with the highest average number of years of education and the province recording the lowest figure is around three years and has persisted over time. However, given the increase in the level of education in all provinces, the relative difference has decreased from 90% for the first cohort to 30% for the most recent one.
The coefficient of variation of the provincial distribution of years of schooling has diminished from 0.17 to 0.07 between the first and the last cohort. It seems, however, that during recent years this process has slowed down. Map 1 
Estimated equation and results
According to the modelling framework detailed in section 2, for each cohort in the sample we estimate the following equation: estimate a random effect model. However, in this study, estimating a random effect model may be interpreted as a feasible within estimation. Let us recall that the estimation of the random effect model is equivalent to applying OLS to a transformed equation in which both the dependent variable and the explanatory variables ih X are subject to the following transformation:
where N is the number provinces (47 in our case) and u  and e  are respectively the standard deviation of the error terms and the random effects. If, as in our case, u  is very small in relation to e  ,  will be near 1 and the transformation almost corresponds 22 to taking differences in relation to the mean, that is to say, the within estimator.
7 Therefore, using panel data methodology allows us to take into account the advantages of this kind of information. As Hsiao (2007) indicates, panel data enables us to get a more accurate inference of model parameters through the increase in the degrees of freedom, and it also enables us to take individual effects into account.
Additionally, we correct the possible correlation of errors between individuals in the same province by computing cluster standard errors.
The results of the estimated regression equations are presented in Table 5 for each of the 10 cohorts. The estimation by cohorts reveals that the explanatory variables have a different effect at different points in time. Starting with the control variables, it is interesting to note that being male has a positive though decreasing effect on education until the beginning of the 1980s; from that point on, the sign of the coefficient reverses and being female increases the number of years of education for the youngest generations. Secondly, as expected, the ratio of secondary schools per capita of schoolage population has a positive and significant effect on educational level for all the cohorts. That is, decreasing the cost of access to education raises its level. As explained in section 3, the ratio of access to secondary education is not homogeneous over time.
So in order to compare the coefficients we have computed the elasticities which show that the effect of access to school increased until the third cohort, corresponding to those born in the second half of the 1940s, and from that point on the effect dropped slightly 7 For example, for the first equation corresponding to the 1956 cohort, the estimated  coefficient, according , rather similar to the within transformation. Note: rho is the share of the estimated variance of the overall error accounted for by the within components. Standard errors are computed using the option of clusters by provinces until the last cohort. The low value for the reference year of 1996 should be taken with caution given that its level of statistical significant is low, p-value=0.053. Going to the variable of interest of this study, Table 5 shows that accessibility to markets has a positive and significant effect on the level of education, although it decreases steeply over time. Additionally, we re-estimated the equations distinguishing between access to Spanish and European markets. As can be observed in Table 7 , the Spanish market potential, Note: rho is the share of the estimated variance of the overall error accounted for by the within components. Standard errors are computed using the option of clusters by provinces though positive, is never statistically significant, whereas the European market potential is always significant but with a clear downward trend with the successive cohorts.
These results are again in line with what could be expected in terms of barriers to labour mobility. Given that the barriers to labour mobility within a country are relatively low, at least for highly educated population, we would expect a scant impact of remoteness from Spanish economic activity centres, whereas higher mobility barriers between countries would help to explain differences in the individual incentive to education. The estimated coefficients for access to market behave as expected.
A potential shortcoming of our econometric specification is that we do not control for some individual determinants of investment in education, namely parents' level of education. Unfortunately, the LFS does not provide information on parental education. 
Conclusions
The objective of this paper is to investigate whether remoteness from markets has any impact on individual incentives for education and how this impact has changed over time. Making use of micro-data, we estimate a set of equations that model individuals' educational decisions at different points in time as a function of individual characteristics, ease of access to education and access to markets. The explanatory variables are measured according to the place and time the decision was actually made.
The first result to be noted is that increasing ease of access to education always has a positive effect on the number of years of schooling. With respect to the variable of interest in this paper, our study provides evidence that remoteness from the markets helps to explain the spatial differences observed in individuals' education decisions in Spain. Nonetheless, the magnitude of the impact has significantly decreased over time.
This result is in accordance with our initial hypothesis that as barriers to mobility decrease and migration becomes easier, the importance of accessibility to markets is reduced. The underlying hypothesis is that as barriers to mobility decrease, labour mobility of the educated population increases and individuals decisions on education are no longer based on the wage premium paid in their own province but on the maximum wage premium attainable in the other economic spaces, corrected by the cost of mobility.
This hypothesis is also supported by the fact that when market potential is split between access to Spanish and European markets, the results clearly show that the distance to European economic mass is what really hinders the accumulation of human capital.
That is, labour mobility across provinces within a country has always been possible, while mobility across regions of different countries means higher costs. Furthermore, the continuous drop in the coefficient for the successive cohorts that affects the European market potential is in accordance with an increase in the labour mobility between countries for the educated population. In any case, the fact that the European market potential for the last cohort is still significant confirms the lack of perfect labour mobility.
Given that human capital endowment is one of the main factors influencing the economic development of a region, the results of this paper provide effective guidelines for reducing the negative effect of remoteness on the level of education of individuals by reducing the costs of access to the education system and encouraging labour mobility across regions. Improving transport facilities is also a way of reducing the negative effect of remoteness on the skill premium and on incentives to achieving higher levels of education. 
